Occult hepatitis C virus (HCV) infection is a new entity that should be considered when diagnosing patients with abnormal liver functions of unknown origin. This work was carried out to evaluate T-helper liT-helper 2 (Thl/Th2) cytokine profiles in patients with occult HCV infection versus chronic hepatitis C (CHC) infection, also to investigate any association between theses cytokines and liver histological features in both groups. Serum levels of Thl cytokines (IL-2, IFN-y) and Th2 (IL-4 and IL-IO) were measured in 35 patients with occult HCV infection compared to 50 patients with chronic hepatitis C infection and 30 healthy controls. We have found that Thl cytokines were significantly increased in patients with CHC infection than in both occult HCV infection and control groups (p<O.OOl). On the other hand, serum IL-4levels were higher in occult HCV infection than in CHC and control groups (p<O.OOl). Furthermore, serum IL-IO levels were higher in both patient groups vs control group (p<O.OOl), with no significant difference between CHC and occult HCV groups. Finally, only serum IL-IO levels were significantly higher among patients with high activity (A2-A3) than those with low activity (AO-Al) in both CHC and occult HCV groups (p=0.038, p=0.025, respectively). Patients with occult HCV infection exhibited a distinct immunoregulatory cytokine pattern that is shifted towards the Th2 arm.
Occult hepatitis C virus (HCV) infection is a new entity that should be considered when diagnosing patients with abnormal liver functions of unknown origin. This work was carried out to evaluate T-helper liT-helper 2 (Thl/Th2) cytokine profiles in patients with occult HCV infection versus chronic hepatitis C (CHC) infection, also to investigate any association between theses cytokines and liver histological features in both groups. Serum levels of Thl cytokines (IL-2, IFN-y) and Th2 (IL-4 and IL-IO) were measured in 35 patients with occult HCV infection compared to 50 patients with chronic hepatitis C infection and 30 healthy controls. We have found that Thl cytokines were significantly increased in patients with CHC infection than in both occult HCV infection and control groups (p<O.OOl). On the other hand, serum IL-4levels were higher in occult HCV infection than in CHC and control groups (p<O.OOl). Furthermore, serum IL-IO levels were higher in both patient groups vs control group (p<O.OOl), with no significant difference between CHC and occult HCV groups. Finally, only serum IL-IO levels were significantly higher among patients with high activity (A2-A3) than those with low activity (AO-Al) in both CHC and occult HCV groups (p=0.038, p=0.025, respectively). Patients with occult HCV infection exhibited a distinct immunoregulatory cytokine pattern that is shifted towards the Th2 arm.
Chronic HCV infection is endemic in Egypt, and based on the results of Ray et al., approximately 91% of Egyptian patients with chronic HCV are infected with HCY genotype 4 (l). Occult HCY infection is characterized by the presence ofHCY RNA strand in liver biopsy and peripheral blood mononuclear cell specimens in the absence of detectable level ofHCY RNA in plasma by current laboratory methods, and in the absence or presence of anti HCY antibodies. This occult infection has been reported in individuals with chronic liver disease with unknown etiology (2) . Patients with occult HCY infection present a milder disease than patients with chronic hepatitis C. The low number of infected hepatocytes found in patients with occult HCY infection may be related to less liver damage. Furthermore, immune response of these patients may be finely-tuned better than that of patients with chronic hepatitis C, leading to a more effective control of the infection (3). There is suggestive evidence that T-cell immunoregulatory cytokines may play a key role in influencing the persistence of HCY infection and the extent of liver damage (4) (5) (6) . Activated CD4+ T cells can be divided into 2 subsets based on their cytokine secretion profiles (7, 8) . The T helper type I (Th I) subset produces interferon-gamma (lFN-y), tumor necrosis factor alpha (TNF-a, and) interleukin (lL)-2, and participates in cell-mediated immune responses (9-10); the T helper type 2 (Th2) subset produces IL-4 and IL-I 0, and mediates humoral immune responses (11) . The Th l/Th2 cytokine balance is likely important in determining the rate of HCY infection chronicity and HCY-induced liver injury (12, 13) .
The aim of this work is to study the Th 1/Th2 cytokine profiles in patients with occult HCY infection vs patients with chronic hepatitis C and normal healthy controls.
MATERIALS AND METHODS

Patient selection
The study included 35 patients (19 men and 16 women) proven to have occult HCY infection (out of 65 untreated patients with elevated transaminases of unknown etiology for more than one year) and 50 untreated anti-HCY and serum HCY-RNA-positive patients (32 men and 18 women) with histologically proven CHC who attended the Outpatient clinic of Tropical Medicine Department at Mansoura University Hospital, Egypt. All the studied population were matched for age, gender, estimated duration of abnormal liver function tests and body mass index (BMI) to avoid statistical differences that could affect the characteristics of the disease. Also, 30 healthy volunteers (17 men and 13 women) were included as control group. The study was conducted following the guidelines of the 1975 Declaration of Helsinki, and all patients gave their written informed consent to participate. The study was approved by the local ethics committee.
Occult HCY infection was diagnosed by negative anti-HCY and HCY RNA (by RT-PCR) in the serum and positive HCY-RNA in the tissue as detected by reverse transcriptase-polymerase chain reaction (RT-PCR) and by in situ hybridization. Anti-HCY antibodies were assayed by (INNOTEST HCY Ab IY; Inno-genetics) with 100% sensitivity and 100% specificity, respectively (National Serologic Reference Laboratory, Australia; http://www. nr1.gov.au).
The selection criterion was presentation for one year or more before the liver biopsy (to avoid acute hepatitis) of sustained abnormal transaminase levels (tested every 3 months) that were above the normal values (ALT 40 u/L and AST 41 u/L). No etiology could be identified after exclusion of all known causes of liver disease on the basis of clinical, epidemiological, and laboratory data. HCY infection (anti-HCY and serum HCY RNA negative) were tested at least on two occasions (2) . Occult HCY infection was identified following detection of HCY RNA in liver tissue in patients who lacked serum HCY RNA (Amplicor HCY version 2.0; Roche Diagnostics, Branchburg, NJ, USA; sensitivity of 50 IU/ml and specificity of 99%) and anti-HCY antibodies (INNOTEST HCY Ab IY; Innogenetics) and who presented with abnormal liver function tests ofunknown etiology. RT PCR was performed to detect HCY RNA in hepatocytes of all patients with occult HCY.
All known causes of acute and chronic liver diseases were excluded on the basis of analytical, clinical, and epidemiological data; infection by HBY (i.e., subjects were negative for hepatitis B surface antigen and for serum HBY-DNA), autoimmunity, metabolic or genetic disorders, NASH, alcohol intake, clinical or biochemical history of acute hepatitis and drug toxicity in all cases were negative for anti-HIY antibodies. There were no known risk factors for HCY infection. Other unrelated possibilities that may influence the levels of cytokines were excluded e.g., infection, inflammatory disease.
Cytokine assay
From each patient at the same time of liver biopsy, 3 ml blood was withdrawn in a sterile heparinized clean dry plastic tube, immediately transported on ice to the laboratory, centrifuged at 6°C, and the plasma stored at -70°C until assayed. Quantitative detection ofIL-2, IFN-y, IL-4 and IL lOin serum was measured with enzymelinked immunosorbent assay kits (Ray Biotech, Inc, Norcross, Georgia, USA) according to the manufacturer's instructions.
Liver biopsy
At the end of the follow-up period (one year or more), the patients underwent an ultrasound-guided liver biopsy (using Tru-cut needles) for diagnostic purposes. Liver biopsy specimens were divided into 2 portions. One portion was fixed in 10% formalin and was paraffin embedded for routine histological diagnosis. Histological evaluation was performed by a pathologist who was blinded with respect to the HCY RNA status of the liver biopsy specimens. Necroinflammatory activity and fibrosis were scored according to the METAYIR score system (14) . A minor fragment of the specimen, 4-5 mm to make an average weight of 15-20 mg, was immediately immersed in dry ice until extraction of RNA in the lab within minutes. The extracted RNA was immediately reverse transcribed and stored at -20°C until used for detection ofHCY RNA by RT-PCR.
Detection ofoccult HCV in liver tissues
Preparation of liver cell lysate for total RNA isola-tion. The amount of tissue was determined by weighing (all samples weighed 20 mg each) according to the recommendation ofNORGEN Biotek corporation (ON, Canada). Tissues were then slowly ground while still in dry ice. Then 600 III of lysis solution was added to the tissue samples and grinding was continued until homogenization of the samples. Homogenization was insured by passing the lysate 5-10 times through a 25 gauge needle attached to a syringe. Lysate was then transferred to an RNase-free microfuge tube and spun down for 2 min to pellet any cell debris. Supernatant was then transferred to another RNase-free microfuge tube and an equal volume of 70% ethanol was added and vortexed for proper mixing.
Total RNA extraction and purification Lysate (600 Ill) with ethanol from the previous step was applied to the assembled column and collection tube and centrifuged for I min. The flow through was discarded and the spin column and collection tube was reassembled and the process was repeated until the lysate finished. After this, 400 III of wash solution was added to the column and centrifuged for one minute, the flow through was discarded and the process repeated twice. RNA was then eluted by adding 50 III of elution buffer to the column and centrifuging for a minute. The purified RNA was immediately reverse transcribed into cDNA and stored at -20°C until used for PCR.
Reverse transcription and nested peR
The synthesis of cDNA and the two PCR rounds were performed using oligonucleotide primers from the highly conserved 5' untranslated region (UTR) ofthe genome designed to amplify the HCY core region; external primers [PI (sense, -GCGACACTCCACCATAGAT-; nucleotides 10-28) and P4 (antisense, -ACTCGCAAGCACCCTAT-CA-; nucleotides 303-285)] for the first-round PCR and internal primers [P2 (sense, -CTGTGAGCAACTACT-GTCT-; nucleotides 36-55) and P3 (antisense, -CGGT-GTACTCACCGGTTCC-; nucleotides 161-143)] for the second-round PCR (15) . Amplification of the cDNA was performed using 15 ul, of the cDNA solution and 50 pmol of the outer primers (PI and P4). Thirty cycles of DNA amplification were carried out, followed by an extension step for 10 min at n°c. Each cycle of PCR consisted of 95°C for 45 s, 50°C for 45 sand noc for 45 s. The second PCR was carried out in the same way with 5 ul, ofthe first PCR mixture and 50 pmol of each inner primer (P2 and P3). The amplified DNA was visualized by 2% agarose gel electrophoresis and ethidium bromide staining. The size of the second product generated by PCR was 126 bp. The sensitivity of this Rt-PCR was 100 IU/ml. All PCR assays were performed according to the recommendations of Kwok and Higuchi (16) . Furthermore, several negative controls (no-RNA) were included in each PCR step, to assure the specificity of the results. Moreover, each positive sample was carried out in duplicate to ensure absence of false positive results. Furthermore, the results were validated by repeating all the negative HCY RNA specimens using artus HCY RG RT-PCR kit on Rotor Gene Q (QIA-GEN, Hilden, Germany). The detection limit is 15 IU/ml. All the negative PCR samples yielded undetectable HCY RNA.
Statistical analysis
The statistical analysis was performed using both the Statistical Package for Social Science (SPSS) version 17 (SPSS Inc., Chicago, USA) and GraphPad Prism version 5 (GraphPad Software Inc., California, USA). Qualitative data were represented in the form ofnumber and frequency, whereas quantitative data were represented in the form of mean ± standard deviation (mean±SD). Kolmogrov-Smirnov test was used to test normality of quantitative data, and all data were non-normally distributed. Both Mann-Whitney and Kruskal-Wallis tests were used to compare groups. Whereas, Spearman's rank test, was used to determine correlations between variables. Results were considered significant if p value was 0.05 or lower.
RESULTS
Demographic and laboratory data of the studied groups
Demographic and laboratory data of the studied groups are shown in (Table I) . Significantly higher levels of bilirubin normal value (0.5-1.2 mg/dL), ALT,AST and AFP were detected in the CHC group (p<0.001, each). On the other hand, serum albumin was significantly higher in the occult HCY group (p <0.001). Concerning liver histological features (Table II) , both fibrosis stages and necroinflammatory activity grades were increased in CHC compared to occult HCY (p< 0.00 I).
Serum cytokine levels among studied groups
Regarding Thl cytokines, serum IL-2 and IFN-y levels were higher in CHC than in both occult HCY and control groups (p < 0.05). In addition, serum IL-2 and IFN-y levels were more elevated in occult HCY than control group (p<0.05). The Th2 serum IL-4 and Il-IO were significantly increased in both occult HCY and CHC compared to the control group (p < 0.05). Although, serum IL-4 and IL-IO levels were higher in occult HCY than CHC group, the difference was significant only for IL-4 (p<O.05) (Table III) .
Correlation between cytokine levels among occult and CHC groups
Concerning occult HCY infection, a positive correlation was noticed between serum IL-2 and IFN-y levels. Also, similar correlation was detected between serum IL-4 and IL-l 0 Levels. On the other hand, a negative correlation was detected between serum IL-4, IL-IO and both IL-2 and IFN-y levels (Fig. 1) . Among the CHC group, similar positive correlation was noticed between serum lL-2 and serum IFN-y levels (r s=O.91,p<O.OOl), and between IL-4 and IL-IO levels (r,=O.83, p<O.OOl), while a negative correlation was demonstrated between r: -0.64,p<0.001, respectively).
Relation between serum cytokine levels and liver histolologicalfeatures
No correlation was detected between serum cytokines levels and fibrosis stages (p>0.05). Regarding activity grade, only serum IL-IO levels were significantly higher in patients with high activity grades (A2-A3) than patients with mild activity grades (AO-Al) in both occult (64.2±26.8 vs 45±21.3, p=0.038) and CHC groups (48.3±33.1 vs 21.6±8.7,p=0.025) (Fig. 2) .
DISCUSSION
A preferential shift towards either Th 1 or Th2 response may influence the clinical outcome and disease progression (17) . Studies have demonstrated conflicting results on the levels of Thl and Th2 cytokines in HCY infections. While some reports have demonstrated elevated levels of Th 2 IL-4, IL-10 (18), others have reported elevated serum levels of Thl cytokines IFN-y and IL-2 in HCY-infected patients (19) . In this study, we detected a significant increase in Thl cytokines, IL-2 and IFN-y, in CHC patients in comparison to occult HCY patients and healthy subjects. Moreover, we noticed significantly elevated Th2 cytokines, IL-4 and IL-IO, among occult HCY-infected patients in comparison to the .ẽ
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ig. 2. Relationship between Serum 1L-1O levels and activity grades among occult (a) and CHC (b): these scatter plots show significantly higher serum /L-1O levels in patients with high activity than those with low activity grades in both groups.
TNF-n, but less IL-IO than those from chronic hepatitis C (20) . The possible explanation of this contradiction may be attributed to, firstly, Pham et al. studied the expression of cytokines in PBMC and not in plasma, secondly, occult HCY-infected patients studied by Pham et al. are patients who have resolved HCY infection and thus the antiviral therapy may have modulated the cytokine profiles of the patients; finally, their patients were anti-HCY positive with normal ALT levels, while the present study included different types ofoccult HCY patients who were anti-HCY negative and presented with abnormal values of transaminases. In contrast to our results, with regard to cytokines in classic chronic HCY infection, Rehennann et al. reported that patients who developed a chronic infection showed a predominant Th2 response that down-regulated the Th I response (21) .
Our data show a significant increase in serum IL-4 and IL-I 0 in patients with occult HCY infection in comparison to CHC and healthy controls. The increase in serum levels of theses cytokines may be responsible for the decrease in IFN-y and IL-2 levels among occult HCY infection in the present study. This could be explained by the fact that Th2 cytokines have a suppressor function (22) . Another issue that could explain the low level of Th I cytokines in the occult HCY group is the absence of antigenic stimulus required to drive Th I response. Among occult HCY patients, there is undetectable serum HCY-RNA. This is supported by the work of Parronchi and co-workers, who detected a marked decrease in the Th I response in patients in whom HCY-RNA titer dropped to undetectable levels following IFN-a parental therapy (23) .
In our study, patients with occult HCY infection experienced milder hepatic necroinflammation and fibrosis/cirrhosis than CHC infection. We can explain this finding by shifting of cytokines towards Th I pattern in CHC infection and towards Th2 among occult HCY. Studies in CHC infection declared that HCY liver injury was associated with an increase in hepatic expression of the Th I cytokines IL-2 and IFN-y (24) . The expression of these cytokines in the serum ofchronic hepatitis C patients is closely related to the severity of the disease (25, 26) . Also Napoli et al. demonstrated that there was a positive correlation between IFN-y and IL-2 mRNA expression and the severity of both the inflammatory and fibrotic components (26) .
Shifting of cytokine patterns in occult HCY infection towards Th2 could explain the mild degree of hepatic necroinflammation and fibrosis/cirrhosis among this group of patients. IL-I 0 has a modulatory effect on hepatic fibrogenesis by down-regulating the pro-inflammatory response, including the antigenpresenting cells, and IL-IO has also been shown to reduce liver damage (27) . Against this explanation, IL-4 is one of most potent cytokines implicated in the fibrotic response of the liver (28) . Nevertheless, in concordance with our results, Sobue et al. detected a correlation between dominant Th I response and disease activity and progression (29) .
In our study no correlation was detected between serum cytokine levels and fibrosis stages, but only serum IL-IO levels were significantly higher in patients with high activity grades (A2-A3) than in patients with mild activity grades (AO-AI) in both groups of patients. In contrast to our results, Abayli et al. found no correlation between IL-IO and the histological activity score, but in agreement with our results Abayli et al. found that none of the cytokines (IFN-y, IL-4) was correlated with the histological activity score (22) . The possible explanation of this contradiction may be attributed to the fact that our studied groups included occult HCY vs chronic HCY and healthy controls, while Abayli et al. studied chronic HCY vs normal controls.
In conclusion, patients with occult HCY infection exhibited distinct immunoregulatory cytokine patterns that are shifted towards the Th2 ann. Hepatic histological activity was significantly higher in CHC than in occult HCY patients. Nevertheless, additional studies should be performed to confinn the results of this study.
